ABSTRACT. The objective of this study was to evaluate the effects of inclusion or non-inclusion of short lactations and cow (CGG) and/or dam (DGG) genetic group on the genetic evaluation of 305-day milk yield (MY305), age at first calving (AFC), and first calving interval (FCI) of Girolando cows. Covariance components were estimated by the restricted maximum likelihood method in an animal model of single trait analyses. The heritability estimates for MY305, AFC, and FCI ranged from 0.23 to 0.29, 0.40 to 0.44, and 0.13 to 0.14, respectively, when short lactations were not included, and from 0.23 to 0.28, 0.39 to 0.43, and 0.13 to 0.14, respectively, when short lactations were included. The inclusion of short lactations caused little variation in the variance components and heritability estimates of traits, but their non-inclusion resulted in the re-ranking of animals. Models with CGG or DGG fixed effects had higher heritability estimates for all traits compared with models that consider these two effects simultaneously. We recommend using the model with fixed effects of CGG and inclusion of short lactations for the genetic evaluation of Girolando cattle.
INTRODUCTION
The dairy sector plays a significant part in Brazilian agribusiness, with approximately 80% of milk being produced by Girolando cows. This breed was developed in the 1940s by crossing Gyr and Holstein breeds. The animals of this breed are capable of maintaining good production standards under different management systems and climates (Silva et al., 2011) .
One of the main problems facing milk production in tropical systems is the length of lactation (Madalena, 1988) . Although short lactations are commonly associated with cows of the Zebu breed, they have been reported in different Holstein-Gyr genetic groups. This difference has been associated with genetic and non-genetic effects (Madalena, 1988) . Vercesi-Filho et al. (2007) observed a high genetic correlation between milk production and lactation length (0.93) in crossbred dairy cattle in Brazil, indicating that short-lactation periods should not be discarded from genetic evaluations.
However, in Brazil, data on short lactations are not often included when editing milk production records or when using adjustment factors (Facó et al., 2009; Baldi et al., 2011) . The definition of short lactation varies and is arbitrary, but intervals of 120-210 days have been used (Vaccaro et al., 1999) . However, this tends to overestimate the genetic parameters associated with milk production and the lactation length, which reduces the accuracy of selection processes (Vaccaro et al., 1999) .
The non-inclusion of short lactation and adjusting for lactation length reduce the genetic variance associated with milk production (Madalena, 1988; Mello et al., 1994) . On the other hand, Facó et al. (2009) observed that the non-inclusion of short lactations did not reduce the genetic variance and also contributed to a significant reduction in the residual variance. In addition, Baldi et al. (2011) observed that adjusting for production records and the inclusion of short lactations caused changes in the ranking of bulls for selection purposes.
Studies including the effect of cow and/or dam genetic group on dairy cattle genetic valuation are scarce in the literature. Working with Girolando cattle, Facó et al. (2007) reported a heritability estimate for milk yield of 0.31 using a single-trait model that included the fixed effects of cow and dam genetic groups. However, in a study by Facó et al. (2009) , these estimates ranged from 0.24 to 0.31 in an animal model that only included the cow genetic group. Therefore, the objectives of the present study were a) to evaluate the effect of inclusion or non-inclusion of short lactations on the variance components and heritability estimates for milk yield, age at first calving, and the first calving interval and b) to evaluate the effect of the inclusion of cow and/or dam genetic effects in the model on the components of variance, heritabilities, and classification of the animals for these traits in Girolando cows.
MATERIAL AND METHODS
The initial database used in this study included 86,863 records from the National Dairy Cattle Archive (Arquivo Zootécnico Nacional de Gado de Leite), which was provided by the Genetic Improvement Program for Girolando Cattle (Programa de Melhoramento Genético da Raça Girolando, PMGG) under the management of Embrapa Dairy Cattle in partnership with the Brazilian Girolando Breeders' Association (Associação Brasileira dos Criadores de Girolando). Traits considered were 305-day milk yield at first lactation (MY305), age at first calving (AFC), and the first calving interval (FCI).
The productive or reproductive records were subjected to several restrictions and eliminations for each trait. Records of lactations shorter than 100 days and longer than 730 days were discarded to generate "Records with non-inclusion of short lactations (RNSL)". Additionally, 305-day milk yields higher than 20,000 kg and cows whose calving year was before 2000 and after 2011 were also discarded. After the eliminations, the data file RNSL consisted of 10,900 records of MY305 and AFC, and 7239 records of FCI measured in 288 herds.
Records from cows belonging to genetic groups 1/4H:3/4G, 3/8H:5/8G, 1/2H:1/2G, 5/8H:3/8G, 3/4H:1/4G, 7/8H:1/8G, with pure dams of the Holstein (H) or Gyr (G) breeds or pertaining to these genetic groups, respectively, represented by 1/4, 3/8, 1/2, 5/8, 3/4, 7/8, H, and G, were used. Of the 830 records from short lactations, only those that presented a normal cause of drying-off were considered. With this restriction, the final number of short lactations was 277 (2.5% of total). Thus, the data file including short lactations consisted of 11,177 records, and was thus named "Records with inclusion of short lactations (RISL)".
In both files (RNSL and RISL), contemporary groups (herd-calving year for MY305 and FCI and herd-birth year for AFC) that contained at least three records of production and at least three daughters from two bulls per group were used. The pedigree file used for computing the numerator relationship matrix (NRM) included a total of 26,969 animals. Table 1 shows the distribution of observations, according to the genetic groups of cows and dams. The distribution of animals according to the cow genetic group (CGG) was greater in fractions 1/2, 5/8, and 3/4 in the data files with inclusion and non-inclusion of short lactations. In the dam genetic group (DGG), fractions 1/4, 1/2, and 3/4 presented a higher number of animals. RNSL = records with non-inclusion of short lactations; RISL = records with inclusion of short lactations. The means and standard deviations for the traits studied are presented in Table 2 . Cows from genetic group 7/8 presented greater MY305 and those from genetic group 1/4 showed higher AFC and FCI. RNSL = records with non-inclusion of short lactations; RISL = records with inclusion of short lactations. The effect of inclusion or non-inclusion of short lactations on the variance components, heritabilities, and ranking of animals for traits was evaluated by comparing the estimates obtained from the RNSL and RISL databases. The importance of the inclusion of CGG or DGG effects in the animal model on the estimates of variance components and heritability was evaluated by comparing the models that included or did not include fixed effects of CGG and DGG, separately or simultaneously.
The model used to estimate the variance components and to predict the breeding values of the animals for traits MY305 and FCI (model a) was:
where y ijkl = MY305 or FCI observed in animal l, from genetic group k, at time j, from the contemporary group i; CG i = fixed effect of the i-th contemporary group (herd-calving year), where i = 1, 2,..., 951; CS j = fixed effect of the j-th calving season, where j = 1 (Oct to Mar) and 2 (Apr to Sep); CGG k = fixed effect of the k-th cow genetic group, where k = 1, 2,..., 6; b 1 and b 2 = linear and quadratic regression coefficients of trait y ijkl according to the age at calving, included in the model as covariate; I ijkl age at calving, in months; Ī = average age at calving, in months; a ijkl additive genetic random effect of animal l, from genetic group k, at calving season j, from contemporary group i; e ijkl random error associated with each observation, assumed to be normal and independent. Models b and c are similar to model a in (1), replacing the effect of CGG by DGG in the first instance (model b), and including the DGG effect in the second case (model c).
For the trait AFC, the following model was used (model a):
where y ijkl = AFC of animal l, from genetic group k, at birth season j, from the contemporary group i; CG i = fixed effect of the i-th contemporary group (herd-year of birth), where i = 1, 2,..., 1183; BS j = fixed effect of the j-th birth season, where j = 1 (Oct to Mar) and 2 (Apr to Sep); and the CGG k , a ijkl and e ijkl effects were previously defined in Equation 1 
Spearman correlations compared the classification of animals based on the additive breeding values predicted for the traits MY305, AFC, and FCI. The percentages of bulls and cows in common were also calculated when different proportions of animals were selected based on the breeding values predicted using different models (a, b, and c), according to the inclusion or noninclusion of short lactations.
Estimates of variance components were obtained by the restricted maximum likelihood (REML) method, using the Wombat software (Meyer, 2007) .
RESULTS
The variance components and the heritability estimates of the traits according to the inclusion or non-inclusion of short lactations are presented in Table 3 . Overall, the estimates of genetic additive, residual, and phenotypic variances for MY305 were lower when short lactations were excluded, regardless of the genetic group. When short lactations were excluded, the genetic additive and residual variances for MY305 were reduced by 7 and 9%, respectively, in model a (CGG); by 2 and 9% in model b (DGG); and by 4 and 8% in model c (CGG and DGG), respectively. Decreases in the residual variances were relatively low, making the heritability estimates similar with the inclusion or non-inclusion of short lactations (i.e., RISL and RNSL). These results indicate that the non-inclusion of short lactations imply low reduction in the additive genetic and residual variances for MY305 in the three models.
For AFC, the estimates of genetic additive variance were lower in RISL. Estimates of residual variance were higher in RISL. For FCI, the estimates of genetic additive variance were higher in RISL. Changes in the estimates of genetic additive variance were similar in models a, b, and c for AFC (decrease of ~3% in RISL) and FCI (increase of ~2% in RISL). Due to small changes in the estimates of variance components, the heritability estimates were very close in RNSL and RISL in models a, b, and c.
(Equation 1)
a -model that adjusts the effect of cow genetic group (CGG); b -model that adjusts the effect of dam genetic group (DGG); c -model that adjusts the effect of CGG and DGG. RNSL = records with non-inclusion of short lactations; RISL = records with inclusion of short lactations. In general, the Spearman correlation coefficients between the predicted breeding values of bulls and cows for MY305 were higher in RISL (Table 4) . For AFC, the correlations were slightly higher for RISL in bulls, whereas for FCI, there was no difference in the correlations for RNSL and RISL in bulls and cows.
a -model that adjusts the effect of cow genetic group (CGG); b -model that adjusts the effect of dam genetic group (DGG); c -model that adjusts the effect of CGG and DGG. RNSL = records with non-inclusion of short lactations; RISL = records with inclusion of short lactations. All correlation coefficients are statistically different from zero (P < 0.0001). Table 5 presents the percentages of bulls and cows in common when different proportions of animals were selected, according to the inclusion or non-inclusion of short lactations in the analysis. The percentages of bulls and cows in common in models a and b were higher when short lactations were included (RISL) in all traits evaluated in the different proportions of animals selected. However, the percentage of bulls and cows in common was lower in model a vs model c when short lactations were included (RISL) for MY305.
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DISCUSSION
In this study, the percentage of cows having lactation periods shorter than 100 days was only 2.5%, which is lower than values reported in other studies. Vaccaro et al. (1999) , working with Brahman, Holstein, and Braunvieh breeds, reported 3.8-4% of short lactations, ranging from 1 to 100 days, whereas Mello et al. (1994) reported 4% of short lactations, which were shorter than 120 days. However, Facó et al. (2009) reported 13.6% of lactations that were shorter than 120 days, with the greatest incidence (21.1%) observed in animals belonging to the genetic group 1/4H:3/4G and the lowest (9.1%) in 7/8H:3/8G animals.
The better performance obtained in milk production by genetic groups 7/8 and 1/4 is different from that reported in the literature. Facó et al. (2007) reported better performance for genetic groups 1/2 and 3/4 in Girolando animals. Freitas et al. (1998) verified that 7/8 and 1/4 bulls were associated with greater milk yield when compared with 5/8 bulls, and Mellado et al. (2011) reported greater milk yield for group H (Holstein), followed by groups 1/4 and 1/2.
Differences in the components of residual and genetic additive variances were of lower magnitude than those obtained in other studies. Facó et al. (2009) observed that non-inclusion of short lactations of Girolando cows led to estimates of variance components that were lower than those obtained when all lactations were used. Those authors reported that the reductions were inferior for the additive (4%) and permanent environmental variances (10%) than for the residual variance (24%), resulting in greater heritability for milk production with the non-inclusion of short lactations (h 2 = 0.31) than with their inclusion (h 2 = 0.27). However, Mello et al. (1994) , studying the Gyr breed, reported reduction of genetic variance for MY305 with the non-inclusion of short lactations in comparison with their inclusion, which caused a decrease from 0.40 to 0.05 in the heritability estimates when lactations shorter than 120 days were excluded. The differences between the results of the present study and those previously reported may be due to differences in the size of the sample utilized [e.g., N = 398 in the study of Mello et al. (1994) ], standardization of milk production [e.g., milk production per lactation, in the study of Facó et al. (2009)] , and definition of the effects in the model of analysis.
Overall, one can infer that there were no differences between the models with inclusion or non-inclusion of short lactations for the traits studied. However, the loss of additive variance was not significant when short lactations were excluded, thus approaching the results obtained by Facó et al. (2009) and Mackinnon et al. (1996) , but disagreeing with the results of other studies (Madalena et al., 1992; Mello et al., 1994; Vercesi-Filho et al., 2007; Baldi et al., 2011) .
Greater genetic additive and lower residual variances were observed in the model that included the dam genetic group (model b) for MY305 and FCI. As a consequence, the heritability estimates of these two traits were slightly higher than those obtained in models a and c. However, for FCI, greater genetic variability and lower residual variance were obtained with the use of model a, so the heritability was slightly higher.
When model c was utilized, all traits had lower heritability estimates. It was expected that the simultaneous inclusion of the effects of CGG and DGG would be more efficient to recover a significant proportion of the residual variance. A possible cause of this is the confounding result caused by multicollinearity when both effects were included in the model of analysis, even though the data were unbalanced for both. In a previous analysis of fixed effects, statistical significance of the interaction was observed between these effects, with significant and negative correlations between both effects. In addition, very low eigenvalues of the correlation matrix (<1) were observed, which might have overestimated the residual variance (model c).
The heritability estimates ranged from 0.23 to 0.28 for MY305 with inclusion, and from 0.23 to 0.29 with non-inclusion of short lactations, showing higher values in model b. Such estimates are similar to those reported in the literature. In a study with Brazilian crossbred dairy cattle, VercesiFilho et al. (2007) reported heritability estimates of 0.28 for MY305. Utilizing records of milk yield with non-inclusion of short lactations of the Girolando breed, Facó et al. (2007) found heritability estimates of 0.31 for milk production. Working with Murray buffalos, Tonhati et al. (2007) reported greater heritability estimates for milk production when they were adjusted for lactation length (0.22 to 0.27) than when they were not (0.16 to 0.18).
The high heritability estimates for AFC found in the present study (0.39 to 0.44) are similar to those reported by Vercesi-Filho et al. (2007) . Because of the high heritability and economic relevance of this trait, those authors recommended its inclusion in the criteria of selection for dairy cattle in the tropics. The heritability estimates for FCI (0.13 to 0.14) were not affected by the inclusion of short lactations; however, it showed slight superiority when model b was used. The values obtained in the present study were superior to those obtained by Val et al. (2004) , which were 0.10 for the Holstein breed; and Facó et al. (2008) , which were 0.05 for the Girolando breed, but inferior to the value obtained by Bertipaglia et al. (2007) with Holstein cows (0.19).
Spearman correlations between the genetic values of bulls and cows were higher in the models with inclusion of short lactations. Except for the correlations between the genetic values of the bulls in models a vs b and b vs c and for cows in model b vs c in the records with non-inclusion of short lactations, the other correlations were of high magnitude (³0.90). Facó et al. (2009) reported Spearman correlations of 0.89 between the genetic values predicted for milk production in records with inclusion and non-inclusion of short lactations, and the correlation value decreased as the intensity of selection increased. According to Crews Jr. and Franke (1998) , correlations lower than 0.90 changed the rank of animals, which might affect the selection response and subsequent genetic progress. Therefore, although the best results were obtained with inclusion of short lactations, we can infer that there would not be significant changes in the ranking of animals with non-inclusion of short lactations in the database.
The higher Spearman correlation between the breeding values of bulls and cows observed between models a and c for MY305 may indicate the non-recommendation of inclusion of only the DGG effect in the models of genetic evaluation (model b). Spearman correlations between the breeding values of bulls and cows of the other traits, AFC and FCI, were high (³0.94), which indicates that the inclusion of CGG, DGG, or CGG and DGG could be used to rank animals for selection purposes of these traits.
The percentage of bulls and cows in common (Table 5) corroborates the results obtained in the Spearman correlations. In a study with Murrah buffalos, Tonhati et al. (2007) found Spearman correlations between breeding values for milk production and percentage of bulls in common lower than those found in the present study. The authors concluded that in situations with high selection intensity, there will likely be modifications in the rank of bulls and/or in the bulls chosen for mating if records are adjusted or unadjusted for 305 days. Facó et al. (2007) , working with Girolando dairy cattle and computing Spearman correlations between the breeding values predicted using single-and multiple-trait models, with inclusion of CGG and DGG effects, verified a trend towards reduction of the correlations when the selection intensities increased.
The models with CGG (model a) or DGG (model b) effects had greater impact on the estimates of variance components and heritability for all the traits than the model with the inclusion of the two effects (CGG and DGG, model c) . However, the Spearman correlation between the breeding values of bulls and cows predicted by the models a and c was greater than by the models a and b, which indicates the non-recommendation of inclusion of only DGG in the models of genetic evaluation. Therefore, we recommend use of the model including only the fixed effect of the CGG and the inclusion of records of milk production, age at first calving, and the first calving interval of animals with a short lactation length in the genetic evaluation of Girolando cattle.
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